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Abstract- 
One of the best devices which can be used to convert the solar 
energy into thermal energy is solar water heater (SWH). SWH 
applications mainly depend on efficient thermal energy storage 
system (TES). Thermal storage works like a thermal battery where, 
energy can be stored in the form of latent heat, sensible heat, or 
both. In this project, TES system with Phase Change Material 
(PCM) can be more concentration for SWH application, as they 
have high energy density compared with other materials which are 
used to store only sensible heat . Besides, it also improves the 
reliability and performance of the SWH system0. Phase Change 
Materials (PCM) seem to be one of the most best techniques that 
might lead to this high energy storage performance. A PCM is a 
material which stores or supplies heat at its melting/solidification 
temperature using its high thermal energy storage density per unit 
volume as a cause of its latent heat, which is higher than the 
sensible heat. It is possible to use the latent heat of solid-gas, solid-
liquid and liquid-gas transformation, however, only the solid-liquid 
transformation is used due to its lower volume variation . 
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Introduction 
The energy that we receive from the sun is called as 
the solar energy. With the help of this energy serious 
problems regarding energy that is needed everyday can be 
solved. Solar energy means capturing the rays of the sun and 
storing and its heat.In this work I discuss about how 
efficiently utilize the solar energy in solar water heater . solar 
water heater consist of solar collector , thermal storage 
system. here flat plate collector is used as the solar collector. 
storage unit consist of phase change material (PCM) . And in 
storage tank thermal energy is stored as latent heat and 
sensible heat. The storage of thermal energy by using the 
latent heat of the material is called latent heat storage. Latent 
heat defined as the amount of heat absorbed or released 
during the material phase change from one phase to another 
phase. There are two known types of latent heat which are 
latent heat of fusion and latent heat of vaporization. In fact, 
latent thermal energy storage applications do not depend on 
latent heat of vaporization, due to the volume significant 
change accompanied by this type of phase change . Phase 
change material storages are used to store energy in several 
practical application areas, and to balance temporary 
temperature alternations. In applications with a small 
temperature swing, PCM storage is preferable to sensible heat 
storage, because of its nearly isothermal storing mechanism 
and high storage density . All materials are phase change 
materials. The phase change temperature is most important 
difference between these materials. Each material has its 
phase change at different temperature. In addition, each 
material has different values of latent heat and thermal 
conductivity. The main drawback of most of the phase 
change materials is their low thermal conductivity that 
decreases the heat transfer rate. The phase change 
temperature adequate for the application temperature range is 
the most important feature for phase change material 
selection. Each PCM has its advantages and disadvantages, 
so one cannot mention a specific material that can be an ideal 
material used as an ultimate PCM . One of the classic devices 
which can be used to convert the solar energy into thermal 
energy is solar water heater (SWH). SWH applications 
largely depend on efficient thermal energy storage (TES). 
Thermal storage works like a thermal battery where, energy 
can be stored in the form of latent heat, sensible heat, or both. 
In this context, TES system with Phase Change Material 
(PCM) can be more potential for SWH application, as they 
have high energy density compared with other materials 
which are used to store only sensible heat. Besides, it also 
improves the reliability and performance of the SWH system. 
 
EXPERIMENTAL SETUP 
Photographs of the experimental setup shown with the solar 
collector connected to the water tank are shown in Figures 1. 
The setup consists of a square water tank which holds the 
PCM inside inner square tank, solar flat plate collector. The 
thermo insulated plastic  water tank as a capacity of about 30 
litres, capable of supplying water for a family of four 
members. With a dimension 35 cm height ,32cm length and 
32cm breadth, it houses the PCM inside the square tank 
having length 30 cm & width 28cm and allows for heat 
transfer between the surface and the water. The PCM storage 
tank contains 4 kg of paraffin wax. RTDs are provided at 
inlet & outlet. 
 
Figure 2: Solar Water Heater 
There are several different materials that can be 
utilized as PCMs. Depending on the range of the transition 
temperatures some are more feasible than others. The 
relevant PCMs for use in buildings are paraffin, fatty acids, 
salt hydrates and their eutectic mixtures . The most important 
properties of the PCMs are the thermal conductivity, the 
density and the specific heat capacity (c, J/(kg·K)). The 
product of the density and the specific heat capacity is 
normally referred to as the volumetric heat capacity. The 
ratio between the thermal conductivity and the volumetric 
heat capacity is the thermal diffusivity.  
 
Figure 1: Phase Change Material 
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EXPERIMENT  TRIAL 
During the charging process the water is circulated 
through the tank and the solar collector unit continuously. The 
water absorbs solar energy sensibly, and exchanges this heat 
with the PCM in the PCM storage tank, which is initially at 
room temperature. The PCM slowly gets heated, sensibly at 
first, until it reaches its melting point temperature. As the 
charging proceeds, energy storage as Latent heat is achieved 
as the Paraffin wax melts at constant temperature (46.7±2°C). 
After complete melting is achieved, further heat addition from 
the water causes the PCM to superheat, thereby again storing 
heat sensibly. The charging process continues till the PCM 
and the water attain thermal equilibrium. Temperatures of the 
PCM and water at the outlet are recorded at intervals of 3 
hours. The PCM is charged through the day, whenever hot 
water is not demanded by the user. 
 
The discharging process used is termed as batch wise 
process. In this method, a certain quantity of hot water is 
withdrawn from the water tank and readings are taken. This is 
then repeated for intervals of 3 hours, in which time transfer 
of energy from the PCM would have occurred. This 
procedure is continued till PCM reaches a temperature of 
48°C. 
 
First of all we have taken the trial on the Solar Water 
Heater without using phase change material. 
Calculated the cooling rate of the water in the water tank after 
heating the water for 6hrs sunlight. 
SL NO Time elapsed in (hrs) Temperature °C 
1 0 65 
2 3 63 
3 6 60 
4 9 58 
5 12 54 
6 15 49 
7 18 47 
8 21 45 
 
In this phase  calculating the efficiency of Solar Water Heater 
Parameters Symbol Value 
Volume of water V 30 liter 
Initial Temperature of water Ti 36°C 
Heat radiated in day Pin 1170W/m 
Time elapsed t 6hrs 
Final Temperature of water Tf 65°C 
 
Standard formula for efficiency calculation  
Efficiency, ɳ = Heat Enrgy Output/Heat Energy Input = Qout 
/Qin  
Heat energy Qout = Heat energy absorbed by water  
ρ ×V ×Cpw ×( Tf - Ti )  
heat supplied by solar radiation Average heat radiated in a 
day, Pin = 1170 W/m2 Hence, Qin = Pin ×area of panel× Δ 
t=12420 KJ 
 The absorption of radiated heat is only 96% effective 
. So, effective heat radiated on panel Q in,effective = 0.96 Q 
efficiency of general solar water heater without using phase 
change material 
 ɳ= Qout / Q in,effective 
 
Solar water heater by adding PCM 
Cooling rates of Water in SWH with PCM 
Specification of PCM 
 
 
 
Initial temperature of PCM = 36°C 
Final temperature of PCM = 65°C  
Energy gained by water =ρ×V×Cpw × ( Tf - Ti )  
Energy gained by PCM = Energy accumulated by solid PCM 
+ Heat of fusion + Energy accumulated by molten PCM  
Qout = Energy gained by water + Energy gained by PCM  
ɳ= Qout / Qin;eff  
RESULTS 
 
The temperature distribution of water and the PCM in the 
water tank for different time intervals are recorded during 
charging and discharging processes. The cumulative heat 
stored and system efficiency of process is studied in detail 
during the discharging process. 
 
FIGURE 3. CHARGING PROCESS IN SWH 
 
Above graph shows the variation of temperature during 
charging. It can be noted that the final temperature of SWH 
with and without will be different. 
INSTANTANEOUS HEAT STORED  
Graphically represents the instantaneous heat stored in the 
storage tank during the charging process of PCM. This is 
estimated based on the instantaneous inlet and outlet 
temperatures of the water. It is observed that during the initial 
period of charging the heat stored is high, but decreases there 
on end. During the phase change period of PCM, the drop in 
heat stored is less drastic, almost a constant. This is a major 
advantage of the PCM system where a uniform rate of 
charging and discharging is possible for a longer period, 
which will be useful for practical applications. 
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SYSTEM EFFICIENCY  
System efficiency is defined as the ratio of the amount of 
energy stored by the water tank to the heat energy available 
from solar radiation.the system efficiency of the SWH with & 
without PCM is as shown . It s seen that the system 
efficiency increases with time during sensible heating of solid 
PCM,remains nearly constant during phase change period 
and then further increases during sensible heating of liquid. 
 
DISCHARGING PROCESS  
From this graph evaluate the cooling rates of water with and 
without PCM. 
 
It can be noted that the cooling rate of solar water heater 
(SWH) with phase change material (PCM) showing 
comparatively less cooling rate than the SWH without PCM . 
During discharging the final temperature of SWH with PCM 
is 50°C and without PCM it will be 45°C. 
CONCLUSION 
The use of PCM in solar water heater helps to reduce cooling 
rate of water, thus it enhance the maximum utilization of 
solar energy and hence improves efficiency of system. In this 
research with use of PCM efficiency of solar water heater 
increase from 35.39% to 48.91% and also heat storage 
capacity increase from 4395.3 kJ to 6049.73 kJ.Hence with 
using PCM material efficiency & heat capacity of solar water 
heater increases at reduced initial heating rate because PCM 
take heat to get heated. As PCM based solar water heater 
store maximum solar energy, it reduces the size of tank and 
hence can reduce cost of Solar Water Heater. The use of 
PCM in solar water heater helps to reduce cooling rate of 
water, thus it enhance the maximum utilization of solar 
energy and hence improves efficiency of system. 
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